Aims: Patients with diabetes have higher readmission rates than those without diabetes, yet limited data on efforts to reduce their readmissions are available. We describe a novel model of inpatient diabetes care, expanding the role of diabetes educators to include case management, and establishment of a Diabetes Resource Nurse program, aimed at increasing the knowledge of staff nurses, and evaluate the impact of this program on readmission rates. Methods: We performed retrospective analysis of 30-day readmission rates of patients with diabetes before (July 2010-December 2011), and after (January 2012-June 2013) starting the implementation of this tiered inpatient diabetes care delivery model. Results: We analyzed 34,472 discharged patient records from the 18-month pre-intervention period, and 32,046 records from the 18-month post-intervention period. The overall 30-day readmission rate for patients with diabetes decreased significantly from 20.1% (pre) to 17.6% (post) intervention (p < 0.0001). Patients seen by diabetes educators had the lowest 30-day readmission rates (15% during the whole study), a rate approaching the overall hospital readmission rates in those without diabetes in our institution. 
Introduction
Unplanned hospital readmissions are recognized to be significant contributors to overall health care costs and may also suggest suboptimal quality of care [1, 2] . Therefore, policy makers have charged healthcare organizations to reduce readmissions in order to lower cost and improve outcomes. Hospital readmission rates in general are classified as early (30 day readmission rates), or late (90 day readmission rates). Overall, readmission rates for all Medicare patients are approximately 20% at 30 days and 34% at 90 days [3] but vary according to region and admission diagnosis and range anywhere from 11 to 32% for patients with CHF and 8 to 27% for pneumonia [4] .
Hence, efforts have focused on identifying factors that increase the risk of readmission. Risks described to date include the severity of illness, presence of coexisting conditions (including diabetes), age, low socioeconomic status, previous hospitalization, as well as suboptimal care at hospital discharge and thereafter [3, [5] [6] [7] [8] . Efforts to reduce re-admission were developed by focusing on these risk factors including improvement in discharge planning, ensuring timely follow up, and improving transitional care. However, most to date have shown limited efficacy [9] [10] .
Diabetes is an increasingly prevalent condition among patients hospitalized for other medical problems. It is estimated that about 25% of all hospitalized patients have diabetes [6, 11] and this can be a contributing factor which increases the risk of readmissions [12] . Overall readmission rates for patients with diabetes are higher than those for patients without diabetes, and have been reported at 14-30%, averaging at 20% in most studies [3, 4, 6, [13] [14] [15] . Similar to the general population, predictors of readmission among the inpatient diabetes cohort include racial and socioeconomic factors, non-diabetes related co-morbidities, and failure to acknowledge diabetes at discharge [14, 15] . Rubin et al. identified poor health literacy, failure of the discharge process, social determinants, and loss of control over illness as contributors to readmissions [16] and recently developed a tool to predict a hospital readmission risk among patients with diabetes [17] .
Data on efforts to reduce readmissions by interventions specifically targeting patients with diabetes are very limited. An association between high admission A1c and readmissions has been described [18] [19] [20] , it is unclear whether improving hospital glycemic control would decrease re-admission rates. A randomized study of 179 participants showed that involvement of an inpatient diabetes team (endocrinologist and nurse educator) significantly reduced readmission rates [21] . More recently, glucose therapy intensification during hospitalization was associated with a decreased 30-day readmission risk among patients with elevated A1c [22] . Healy et al. retrospectively analyzed single-center readmission data and found that formal inpatient diabetes education for patients with poorly controlled diabetes (those with A1c >9%) is associated with 34% reduced odds of all cause readmissions at 30 days and 20% reduced odds of readmissions at 180 days [23] . Since, this study was limited to hospitalized patients with poor glycemic control, we do not know if patients with better baseline glucose control would benefit from the same intervention. In addition, many hospitals have a limited number of inpatient diabetes educators and only a small fraction of patients can be evaluated during their hospital stay. Therefore, if inpatient diabetes education can make an impact on patient care outcomes, it needs to be expanded to a larger portion of the patient population.
To that point, we have developed an innovative model to improve inpatient diabetes care at the bedside in our 600-bed tertiary care hospital. We expanded the role of our inpatient certified diabetes educators (CDE) to incorporate case management principles and renamed them as Diabetes Case Managers (DCM). In addition, we expanded the education of unit-based nurses and implemented a comprehensive curriculum to increase their knowledge in caring for hospitalized patients with diabetes and named them the Diabetes Resource Nurses (DRN). We hypothesized that DRNs will be a resource to other unit nurses as well as patients leading to improved patient care that in turn would translate to improved outcomes and reduced readmissions.
Study questions
This project examined the expansion of the role of the inpatient CDE to incorporate case management principles. It also evaluated the efficacy of implementation of the Diabetes Resource Nurse (DRN) program designed to increase the knowledge of staff nurses on medical-surgical units in diabetes management in the hospital setting. Specifically the project aimed answering the following questions:
1. Do hospitalized patients with diabetes who receive case management services from CDEs have a lower readmission rate than those patients with diabetes who did not receive such services ? 2. Does the rate of re-admission decrease among hospitalized patients with diabetes after the implementation of the DRN program?
Subjects
All admitted patients to University Of Nebraska Medical Center were included in analysis of readmission rates. Patients with admission diagnosis of diabetes were analyzed separately from those without diabetes.
Materials and methods
This is a retrospective analysis of 30-day readmission rates for patients with diabetes before and after implementation of our novel diabetes care delivery model as described above.
DCM model of care
Starting January 2012, the role of the CDE was expanded from providing diabetes self-management education to now include case management services (DCM) (Fig. 1 ). Both CDEs and DCMs were consulted on individuals deemed to be ''high risk patients", but DCMs also focused on daily interactions and collaborations with medical and nursing team to improve glycemic management in the whole hospital. They performed hypoglycemia and hyperglycemia audits, facilitating intervention in care of patients throughout the hospital that were not formally assigned to their individual care.
DRN model of care
Starting January 2012, a model was developed to increase the involvement and knowledge level of unit nurses from medicalsurgical units who were interested in expanding their diabetes knowledge base. The DRN program goals were to improve the care of the patient with diabetes or hyperglycemia during hospital stay, improve transitions of care, and empower the nurse to be able to make educated decisions for patients with diabetes at the bedside. They all underwent a 6-h Diabetes Resource Nurse training. The DRNs then became the ''go to" person on each unit for diabetes care ( Fig. 1) .
Readmission data were evaluated during the total period from July 1st 2010 to June 30th 2013. The data were divided into ''pre-intervention" period from July 1st 2010-Dec 31st 2011, encompassing eighteen months prior to the implementation of the DRN model, and ''post-intervention" period from January 1st 2012-June 30th 2013, eighteen months after implementation of the DRN model started. The tiered implementation of the new nursing model was ongoing during the whole 18 months of the '' post-intervention" period.
In the pre-intervention period, thirty-day readmissions of patients with diabetes who received care by CDE were compared to patients with diabetes who received care provided by unit nurses. In the post-intervention period, we compared thirty-day readmissions of patients with diabetes who received care provided by DCM vs that provided by DRN.
Statistical analysis
Data were analyzed using descriptive and inferential statistics. Total 30-day readmission rate of the hospital and 30-day readmission rate of patients with a diagnosis of diabetes, are expressed in percentage of frequency of all patient discharges; percentage of frequency of all patients with a diagnosis of diabetes; and percentage of diabetes readmissions (number of diabetes readmissions/all readmissions). Chi-Square test was used for all comparisons on SAS Ò 9.4. The calculated p-values were without adjustment for multiple comparisons. Level of significance was defined as p < 0.05.
Results

Recruitment of DRN
The original goal was to recruit four to five nurses from each unit to participate. The interest exceeded this goal and the curriculum was opened to any interested nurses, with a minimum of five nurses from each unit representing both 12-h work shifts. During the post-intervention period (Jan 2012-June 2013) a total of 126 nurses were trained, and the program was expanded from focusing primarily on medical-surgical units to any interested unit nurse. This included nurses from critical care units and ancillary support units, such as the medical call center who interact with patients after discharge with diabetes.
Overall admission and readmission rates
Analysis of 34,472 discharged patient records were completed from the 18-month pre-intervention period, and 32,046 discharged patient records from the 18-month post-intervention period (see Table 1 ). More women were admitted than men (51.75% vs 48.25% 0; p = 0.0014). Mean age was 54 yrs in the entire group, but discharged patients with diabetes were significantly older than those without diabetes (60.2 vs 52.0 yrs; p < 0.001). Overall hospital readmission rates were 13.87% during the entire study period. Men had higher (15.3%) overall 30 day readmission rates compared to women (12.97%) (p < 0.0001) and this was evident both in preintervention phase (M: 15.70% vs F: 13.77%; p < 0.001) as well as post-intervention phase (M: 14.33% vs F: 12.09%; p < 0.001).
Diabetes as a contributing factor to admissions and readmissions
Almost a third of all admitted patients had diabetes. There were 9520 (27.6%) discharged patients with diabetes in the preintervention group and 9391 (29.3%) in the post-intervention group. Patients with diabetes contributed even more to the readmitted group. In the pre-intervention group, 1918 (38.1%) of all patients readmitted within 30 days had diabetes. This rate remained high in the post-intervention group, where 1653 (39.3%) had diabetes.
Readmission rates for patients with diabetes
The overall 30-day readmission rate for patients with diabetes decreased significantly from 20.1% (pre) to 17.6% (post) intervention (p < 0.0001) ( Table 1) . However, the 30-day readmission rates for patients with diabetes (20.1%), was significantly higher than the overall hospital readmission rate (14.6%) in the pre-intervention period (p < 0.0001). Similarly, in the post-intervention period, the 30-day readmission rates for patients with diabetes (17.6%) remained higher than the 30-day readmission rate for all patients (13.1%) (p < 0.0001).
Effectiveness of diabetes educators as CDEs and DCMs
In the pre-intervention period, the 30-day readmission rate of patients with diabetes seen by the CDE was 15.1%, compared to 21.3% for those who received usual diabetes care by unit nurses (p < 0.0001) ( Tables 1 and 2 ). In the post-intervention period, patients with diabetes seen by DCM had a 30-day readmission rate of 15.8%, compared to 18.0% for patients with diabetes who were exposed to the DRN model (p < 0.0001) ( Tables 1 and 3) .
Effectiveness of Diabetes Resource Nurse (DRN) program
Thirty-day readmission rates for patients with diabetes who were exposed to the DRN (18%) program were significantly lower compared to readmission rates for patients who received usual diabetes care from unit nurses prior to implementation of the DRN program (21.3%), (p < 0.0001). The reduction of readmissions seen with the DRN program remained statistically significant when those results were evaluated within the larger scope of reduced readmission rates for all the patients in the hospital during the 36 months of observation. Readmission rates for patients without diabetes decreased from 12.47% to 11.25% during this study (Table 1 ), but reduction in readmissions for patients with diabetes after the implementation of the DRN program were overall a larger reduction. The estimated difference of the readmission rate reduction for pre and post intervention between patients with diabetes and those without diabetes is 1.325%, which is statistically significant (p = 0.039;96% CI 0.068-2.58%).
Discussion
This study examined the development and implementation of an innovative inpatient model to improve the care of patients with diabetes, and demonstrated decreases in the rates of hospital readmission for patients with diabetes with the implementation of a DCM and DRN care mode. The readmission rates of patients with diabetes are consistent with what has been described in the literature supporting evidence that suggests diabetes is a major contributor to the patient population readmitted within 30 days. Studies have validated the lack of knowledge for healthcare nurses regarding diabetes management in the hospital, and have also shown interventions aimed at improving nurses' knowledge in caring for patients with diabetes are effective [24] [25] [26] . There is limited research that has looked at readmission rates following a nursing model intervention.
A similar model to the DRN program developed at The Nebraska Medical Center was described by Newton and Young in 2006 [27] which showed financial feasibility and significant clinical outcome improvements, but did not look at readmission rates. The results of our study address the efficacy of the model related to 30-day readmission rates. The results have shown that patients seen by a CDE in their initial educator role, or in their expanded role as managers (DCM) had the lowest risk of readmission, both in the preintervention and post-intervention period. The observation that there was no improvement in readmission rates after expanding the CDE role to DCM is likely related to the fact that the readmission rates for patients seen by CDEs were already very low (15.1%), approaching the overall readmission rates in our hospital (14.6%), and much lower than readmission rates for all patients with diabetes (20.1%). Furthermore, DCMs indirectly influenced the care of all patients in the hospital through their interaction with care teams, hypo and hyperglycemia audits and other activities as listed in Fig. 1 . Thus we believe that high risk patients with diabetes benefit from the expertise and availability of a DCM who are an important resource to hospitals in coordinating care, especially during transition to outpatient settings. The results have also shown the implementation of the DRN program significantly decreased the readmission rates of patients not seen by the DCM indicating the effectiveness of providing a comprehensive education curriculum to improve nurses' knowledge of providing diabetes care in the hospital. This reduction of readmissions for patients seen by DRN is closing the gap in readmission rates for patients exposed to DRNs to those of DCMs (18% vs 15.8%, p = 0.0278) in the postintervention phase (Table 3 ). In addition, the effect of DRN on readmission rates could have been underestimated since the DRN education started at the January 2012, and continued throughout June 2013, thus intervention itself lasted throughout the so called ''postintervention" implementation phase. The DRN education program has been very well received by 126 participating nurses, as evidenced by survey results administered after the completion of the program. This survey evaluated nursing attitudes towards roles and responsibilities they have in caring for patients with diabetes. Seventy-one surveys were available for evaluation and 70/71 agreed or strongly agreed that their diabetes core knowledge improved and that they will use it in daily practice. In addition, 69/71 felt that they had a positive educational experience. Our data compliments a study by Haas showing that the development of tools to improve diabetes knowledge and care can be well accepted by nurses, and implemented effectively [28] . Similarly, the adoption of the DRN program has been well accepted by our nurses. Although financial analysis for the program was not an aim of this project, it has been a feasible program for the hospital to implement, with no significant barriers identified to implementation.
Limitations
This study looked solely at readmission rates for patients with diabetes and not at other clinical outcomes linked with improving diabetes care. Additional analysis of clinical outcomes such as rates of hypoglycemia and hyperglycemia has not yet been performed to evaluate if the program improved glucometrics. The accuracy of the readmission data is dependent upon the ability to accurately capture all patients with a diagnosis of diabetes, which is dependent upon physician documentation. The prevalence of inpatient hyperglycemia in people without preexisting diabetes is often not captured in retrospective studies like this. This study only accounts for those patients with a diagnosis of diabetes. Patients with stress induced hyperglycemia who also have increased risk of mortality and morbidity [29] , were not examined in this project. Readmissions are tracked for all causes and are not necessarily related directly to diabetes. Furthermore, due to the way we obtained the data, the analysis did not account for possible differences in various nondiabetes related risk factors including age, polypharmacy and other medical co-morbidities. However, as the DRN program influenced all patients in the hospital, we do not believe that differences in non-diabetes related risk factors for readmission impacted our results since those are likely similar before and after the intervention.
Further analysis of the readmission data could provide information for additional quality improvement interventions targeting readmissions related to diabetes. In addition, we cannot separate the effect of DRN from that of DCM because both education interventions were implemented at the same time and a patient could technically be exposed to both. However, <20% of all hospitalized patients with diabetes are seen by DCM (Table 1) , thus we think that DCM intervention could not account for all of the readmission risk reduction seen with implementation of DRN program. Lastly, during the study period there were other initiatives occurring to reduce hospital readmissions. However, as outlined above the decrease in readmission rates seen after the implementation of DRN program remained significant even after the overall reduction in readmission was taken into account. While the difference is small, it is not only statistically but clinically significant as well given the high cost or readmission and a very small cost of nursing education.
Conclusions
The implementation of DRN program has been shown to be an effective intervention in improving care for the patient with diabetes as shown by the decrease in rates of readmissions. Patients seen by the CDE in the pre-intervention period and the DCM in the post-intervention period had the lowest readmission of all readmitted patients with diabetes, approaching the overall hospital readmission rates in those without diabetes. Due to lack of resources, it is not feasible to have the all patients with diabetes seen by a these specialized diabetes experts. The DRN program is an effective option to increase the knowledge level of staff nurses on medical-surgical units, extend the expertise of the DCM, and decrease rates of readmission for all patients with diabetes.
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